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)- P The program described in this research note seeks to identify characteristics
of knowledge and skills which are most resistant to decay due to disuse. The
program is divided into analtytic and structural approaches. The first line of
research for investigating skill retention using the analytic approach investi-
gates laboratory analogues to the component skills of electronic technicians.
The second approach investigates parallel natural skills learned by former
college students. We have developed five laboratory methodologies, and have
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%completed the preliminary testing for each of them. We have also identified
four natural skills, designed the initial questionnaires and tests, and col-
lected preliminary data for all of them. For the structural approach, we have
designed an experimental paradigm which allows us to assess the detailed en-
coding of new knowledge at presentation and after a delay, using verbal report
techniques amd chronometric measurement of retrieval components. A prelim-
inary study of retention of vocabulary items has been completed within thisparadigm. ,(
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Executive Summary of Progress: August 11, 1986 to August 10, 1987
Optimizing the Long-term Retention of Skills:

Structural and Analytic Approaches to Skill Maintenance
Alice F. Healy, K. Anders Ericsson, and Lyle E. Bourne, Jr.

This research program seeks to identify the characteristics of knowledge and
skill which are most resistant to decay due to disuse. Our research can be divided
into two complementary parts. The first part is concerned with experimental
analysis of factors influencing and improving retention of skill components. The
second part. is concerned with analysis and assessment of the structure of acquired
memory and skills and how to monitor differential retention of components. The
eventual goal of both parts is to be able to make relevant recommendations about
training routines for long-term skill maintenance.

The Analytic Approach

We have developed two lines of research for investigating skill retention and
maintenance using the analytic approach. The first line of research involves
investigating different laboratory analogues of component skills of electronic
technicians. The second complementary line of research involves investigating
parallel natural skills learned by the college population during their prior
education.

Laboratory skills. We have developed five laboratory methodologies, and we
have completed the preliminary testing for each of them. The laboratory tasks
involve (a) target detection, (b) data entry, (c) learning logical rules involved in
circuit design, (d) memory for numerical calculations, and (e) temporal, spatial,
and item components of memory for lists. On the basis of our preliminary studies of
target detection and memory for numerical calculations, we have reached the
following two conclusions. First, the perceptual skills involved in target
detection, unlike verbal memory, are highly resistant to forgetting and hence easily
enter permastore. Second, the crucial factor affecting memory for numerical
calculations is the internal (as opposed to external) locus of cognitive operations
that link the to-be-remembered material to other information in memory. In
contrast, the internal (versus external) locus of stimulus production has
essentially no effect on retention.

Natural skills. We have identified the following four natural skills and have
develod assessment techniques for each of them: (a) mental multiplication, (b)
algebra, (c) data entry, and (d) temporal, spatial, and item components of memory
for class schedules. We have designed the initial questionnaires and tests and have
collected preliminary data for all four of these skills.

The Structural Aproc

We have designed an experimental paradigm which allows us to assess the
detailed encoding of new knowledge at presentation and a . delay using verbal report
techniques and chronometric measurement of retrieval components. A preliminary
study of retention of vocabulary items has been completed, in which some subjects
have been instructed to use the keyword method with supplied keywords and other
subjects have generated their own mediating encodings. We are setting up a
large-scale study of the acquisition and retention of memory skill. A review of
previous studies of long-term retention for procedures, such as cardiopulmonary
resuscitation (CPR), has been completed as a part of a more comprehensive review.

i
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Annual Interim Report for the period August 11, 1986 to August 10, 1987

Optimizing the Long-term Retention of Skills:

Structural and Analytic Approaches to Skill Maintenance

We are looking for techniques to optimize the long-term retention of

skilled and knowledgeable performance. This is not a new problem, but neither

is it a problem that has been solved to everyone's satisfaction. In fact, we

think it is a problem that often gets overlooked in the search for optimal

training procedures. The goal of training is, of course, to develop a high

level of performance on some category of jobs or tasks, ensuring that the

requisite skills are available for application as needed subsequently in the

field. Thus, ideally, any training program should be designed to induce a level

of performance which is sufficient to support retention and transfer of skill

after extensive periods of disuse. But, even though retention and transfer are

stated goals in the design of training programs, the more immediate goal of

bringing trainees to a criterion level of skill within the shortest possible

training interval often takes precedence over other considerations.

It is typical that training in the military is followed by delayed and

infrequent opportunities to use the skills that have been learned. But the

skills in question are of the sort that when they are needed, there is typically

no time for retraining. There are good reasons for adopting an acquisition

efficiency criterion, given the costs associated with training and the fact that

trainees are generally nonproductive during the training process. But efficient

training should not come at the cost of relative neglect of the goal of

permanence and maintenance over time of what has been learned. Ideally,

training should provide the technician with a tool kit of stable, reliable

behaviors into which he or she can dip as needed. In the sam sense that

hardware can be expected to be available, so should the requisite skills.

Thus, our purpose is to try to identify those conditions of training that

are associated with skill permanence and availability. We use as a general
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starting point the observation that a significant portion of almost any natural

skill or acquired knowledge is relatively permanent. In a theoretically

noncomittal way, we adopt Harry Bahrick's (1984) notion of a permastore. It is

well known that a large part of acquired knowledge or skill is lost rapidly,

lets say within the first several months of training. But, as Bahrick has

demonstrated, a significant portion of the knowledge that a person acquires can

have a life-span of 25 years or more, even if that knowledge is not rehearsed or

accessed during that long interval.

This finding presents the challenging possibility of identifying conditions

of learning and characteristics of the material or skills learned that

contribute to the durability of acquired behaviors. The idea is to identify

conditions and characteristics that distinguish between short-lived and

relatively permanet knowledge and skill components. If we can identify those

skill components that are most resistant to decay, we might then be able to

trace back and find out what aspects of training differentiate those components

and other less permanent components.

Our approach to this problem is two-fold. The first approach we call

analytic. We take as a test bed for this approach the kind of training provided

for and the skills developed by a military electronics technician. We analyze

those skills into their comonents. Among those components are som that seem

categorizable as front end or as perceptual, such as the detection of error

signals on an oscilloscope or sm other test apparatus. Sam of what is

learned is primrily motor, having to do, for example, with the skillful

application of test equipment to possibly malfunction-ng coqmonents of

equipment. And part of what is learned is primarily coqnitive involving, imnn-

other things, problem-solving strategies or decisions mong potential tests of

malfunction. We intend not only to develop laboratory analogs of these

c-nmnt skills but also to look at their natural or quasinstural counterparts.

Studies to be undertaken involve both acquisition and retention Saes (and,
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down the line will also include a transfer phase). We are not disinterested in

the properties of training, but our primary concern is with what gets retained,

followed by post-hoc analysis of those conditions of training that distinguish

between what is retained and what is not. This approach began with an extensive

review of the literature followed by the development of tasks and methodologies

that seemed particularly suited to answer our general questions.

The second approach we call a structural approach. It involves an analysis

of the mental structures involved in natural (which we use as a contrast with

laboratory) skills and the further development of methods to characterize those

structures. Again, this approach began with an extensive review of the

literature on the long-term retention of natural skills.

One additional comment or disclaimer should be made at this point. We are

not interested in this project in building a new classification system for

skills pertinent to any particular domain of technical competency. Rather, our

approach has a definite process orientation. We are interested primarily in

developing a conceptual framework both for understanding skill durability and

for doing further basic research on skill and knowledge retention.

The Analytic Approach

Laboratory Skills

Our initial goal was to devise four laboratory analogues of component

skills of electronics technicians. We have in fact developed five laboratory

methodologies for this purpose, and we have either completed or initiated the

preliminary testing for each of these methodologies. The laboratory tasks

involve (a) target detection, (b) data entry, (c) learning logical rules

involved in computing circuit design, (d) memory for numerical calculations, and

(e) temporal, spatial, and item components of memory for lists.

Target detection. We completed three preliminary experiments using a new

methodology that combines features of the Schneider and Shiffrin (1977; Shiffrin

A Schneider, 1977) consistent-mapping automatism paradigm with a letter
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detection task in which subjects press a response key every time that a target

appears in a sequence of display frames shown on a computer terminal (see, e.g.,

Healy, Oliver, & McNamara, 1987). The first experiment involved training 32

subjects at target detection over a period of four days. The subjects were

divided into two groups, those searching for the target h in a background of

scrambled letters and those searching for the target 5 in a background of

scrambled nmbers. Three different frame sizes were employed including 2, 4.

and 16 characters. In a pretest, all subjects searched for the target h in a

prose passage presented on a computer terminal three words at a time. In a set

of posttests, all subjects searched for the target h in a second prose passage,

and then they searched for the target t in a third prose passage. We found

that, although performance significantly improved over the four days of

training, the subjects did not reach the criterion of automatism defined by

Schneider and Shiffrin in terms of a decrease in the frame size functions; see

Figure 1 for hit rates (top panel) and for reaction times (bottom panel).

Nevertheless, the performance pattern for detecting letters in the prose

passages was dramatically influenced by training. Both groups of subjects

continued to show decreased hit rates on correctly spelled relative to

misspelled test words, but the difference between the common word the and other

words, which was substantial in the pretest, was greatly diminished in the

posttest for both targets (see Figure 2 which provides the proportion of hits

averaged across training group because training group did not prove to be a

significant factor).

In a second preliminary study, we varied the .amount of training from zero

to four days and included a one-month retention test of the target detection

skill. The target was the letter H for all 36 subjects. Subjects who received

the greatest amount of training did show a decrease in their frame size

functions for both hit rates and reaction times, indicating that they had

reached some degree of automatism. However, all subjects, despite the amount of
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training, showed no loss in performance during the retention interval. Figure 3

presents hit rates and Figure 4 reaction times for limited training (top panel)

and extensive training (bottom panel). Figure 5 presents the hit rates (top

panel) and the reaction times (bottom panel) for the control group as well as

the limited and extensive training groups at the one-month retention test.

Further, on the letter detection tasks involving prose passages, all subjects,

including those given no training, showed a change when comparing pre- and

posttest performance similar to that found in Experiment 1 (see Figure 6).

We have also completed a study involving the intensive target detection

training of a single subject (A.G.). This subject was given 12 sessions of

acquisition training with the consistent mapping procedure. After the last

session there was a six-month retention interval followed by an initial

retention test, which in turn was succeeded by an additional nine-month

retention interval followed by a second retention test. Throughout acquisition

the subject showed dramatic improvements in both hit rates and reaction times.

Further, the frame size functions indicated that performance became

significantly more automatic as training progressed; see Figure 7 for hit rates

(top panel) and reaction times (bottom panel). Most crucially, the initial

retention test indicated that some forgetting had occurred during the six-month

retention interval. However, the single refresher training provided by the

initial retention test was sufficient to yield performance on the secork

retention test nine months later as good as performance at the end of

acquisition training. Hence, on this perceptual lear'ping task there was

essentially perfect m'intenance of highly skilled performance throughout a

15-month period with only one refresher training session intervening between

acquisition and retention testing. These results, along with those from the

second preliminary experiment, imply that like motor skills, but unlike verbal

skills, perceptual skills are not subject to rapid forgetting and hence easily

enter permustore.

. .. . . _ _ . . .
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To follow up these initial experiments, we have begun a long-term retention

study in which we plan to train a total of 24 subjects, each for four sessioms.

Half of the subjects will be exposed to the consistent mapping training, and the

remaining half will be exposed to a new varied mapping training in which the

target changes across blocks. All subjects will be recontacted after

approximately six months. On the basis of the hypothesis that automtim is

necessary for entry into permastore, it is expected that retention will be

superior r , those subjects given training with consistent mpping.

Alternatively, on the basis of Battig's (1972, 1979) intratask interference

principle, it is expected that retention will be superior for those subjects

given the more difficult training wit varied mapping. More generally, the

results should enable us to determine whether training in a detection skill

should be consistent or varied in order to optimize its long-term maintenance.

Data entry. We developed a new methodology for measuring the acquisition

and retention of the motor skill of entering number sequences on a keypad of a

computer terminal. In our first major study of the data entry skill, we trained

36 subjects, each of whom was exposed to three training sessions and a

subsequent or month retention test in which they learned to type three-digit

sequences. The subjects were divided into three groups depending on the extent

and pattern of repeated digit sequences during training. For the control group

no sequences were repeated. For the massed group each of five blocks of ten

digit sequences was repeated five times in a row. For the spaced group each

block was presented five times but in this case with the other four blocks

intervening between repetitions. During the final retention test subjects were

given blocks of digit sequences shown during acquisition as well as blocks of

new sequences not given earlier. According to Battig's (1972, 1979) intratask

interference principle, subjects in the massed group should show superior

performance during the initial acquisition phase but should show inferior

performance at the retention test. In fact, we found little difference between
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the three groups of subjects in terms of overall reaction times. Most

interesting, however, was that for all three groups, including the control group

in which each block was shown only once, reaction times at the retention test

one month later were significantly faster for the old blocks relative to the new

blocks that had not been seen during acquisition (see Figure 8). We plan to do

further work to determine whether this facilitation is due solely to procedural

memory as distinct from episodic memory.

Learning logical rules involved in computing circuit design. We have

developed a new methodology to assess the acquisition and retention of logical

principles. Subjects are shown pictorial displays with two binary inputs and

one binary output, and their task is to learn the rule relating inputs and

outputs. In our initial set of preliminary studies, we tested 57 subjects (9 of

these subjects did not complete the task and will not be considered further

here) and assessed their abilities to determine the output when shown two inputs

for four logical rules corresponding to AND, OR, NOT AND (NAND), and NOT OR

(NOR) gates in computing circuitry. Each logical rule was represented by a

different geometric design (see Figure 9). Two groups of subjects were tested

with pretraining followed by variable or consistent presentation of stimuli, and

two other groups were tested with only variable or consistent presentation of

stimuli and no pretraining. During pretraining, subjects were presented with

one rule at a time until that rule was learned. During variable testing, the

order of stimulus presentation was random. Subjects continued responding until

all stimuli were learned. During consistent testing, the rules were presented

in a particular order which was consistent across trials for each subject.

Again, subjects continued responding until all stimuli were learned.

Our initial findings (see Figure 10 for the average number of errors made

to each rule in each of the four groups) indicate that subjects in these tasks

do not learn the stimuli as logical rules (in contrast to previous rule learning

behavior by subjects in concept formation studies with simple geometric figures;
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se, e.g., Bourne, 1974). Bourne found that subjects exhibited a particular

ordering of difficulty in learning logical rules. The AND rule was the easiest

to learn, followed by OR, followed by NOT AND and NOT OR.

Subjects in the current task did not exhibit the ordering of rules found by

Iourne (1974), as can be seen in Figure 10. The number of errors made per rule

interacted with what group the subject was in (i.e., how the subject was

tested). Also, whether the top input was a plus or a minus sign influenced how

imny errors were made to a rule. If subjects were learning the stimuli as

rules, it seems unlikely that the method of testing or the sign of the top input

would influence the ordering of rule difficulty.

Other evidence substantiates that subjects did not learn the stimuli as

logical rules. When subjects completed the task, they were asked to give a

retrospective report of what they had done in order to "figure out" the task.

These reports indicate that instead of treating the stimuli as logical rules,

subjects adopted complex memory strategies which consisted of grouping the

stimuli by input configuration and figure. That is, the representations were

probably not rule based, but more stimulus-configuration specific.

Further, these representations resulted in nearly errorless performance by

subjects who were retested after a two-day interval. The mean number of errors

for retested subjects from the pretraining/variable group was 4.5 (n-6; s-5.5).

Only one subject in this group, however, had more than five errors (this subject

had 15 errors); excluding this subject, the mean number of errors was 2.4

(*-2.1). The mean number of errors for retested subjects from the

pretraining/consistent group was 0.88 (n-8, s-0.83). No subject in this group

mb more than two errors.

N5y for nmerical calculations. We investigated the "generation effect"

(i, e.g., Slmecka & Graf, 1978) in an experiment which compared recall of the

mrs to mltiplication problems studied under four different conditions, two

of which (read and verify) involved experimenter generation, or production, of

_AL N
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the answers and two of which (generate and calculate) involved subject

production of the answers (see Table 1 for an illustration of each of the four

tasks). Contrary to the findings from most previous studies of the generation

effect, experimenter vs. subject stimulus production was not a crucial factor

determining performance levels, but the locus of the multiplication operations

(which was internal for the verify and generate conditions but external for the

read and calculate conditions) seems to be the critical factor in influencing

retention levels (see Table 2).

In a subsequent study we extended our work along two dimensions. First, we

used a forced-choice recognition test as ell as a free recall test. Second, we

assessed retention after two-day and seven-day intervals as well as immediately

after study. For both testing methods and all three retention intervals we

found, as in our initial study, that the crucial factor affecting memory is the

internal (as opposed to external) locus of cognitive operations that link the

to-be-remembered material to other information in memory. In contrast, the

internal (versus external) locus of stimulus production has essentially no

effect on retention. Specifically, although performance significantly decreased

in all conditions as a function of retention interval, we found superior memory

performance for the generate and verify tasks and little difference between the

generate and verify or between the calculate and read tasks (see Table 3 for the

recall test and Table 4 for the recognition test).

Temporal, spatial, and item comonents of memo for lists. In earlier

work (see, e.g., Healy, 1982) we devised a methodology to compare the short-term

retention of temporal, spatial, and item information for lists of consonats.

We have now extended this paradigm to the long-term retention of lists of words.

The first question we will examine is whether the three types of information

show similar retention functions over short and long intervals. For example, in

the studies of short-term retention, temporal information shows a steeper time

course of forgetting than spatial information. We will attempt to detemine
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whether this difference in decay holds for intervals considerably longer in

duration.

In an initial laboratory study, 24 subjects learned a list of 20 commne

nouns, each beginning with a different consonant from the alphabet. The words

were presented one at a time in a vertical array on a computer terminal, with

each word occurring in a different location within the vertical array. Each

word was displayed for two seconds. At the termination of the list

presentation, subjects were instructed to recall the words by writing them on a

sheet of paper. A trial consisted of one presentation and one recall attempt.

Eight subjects were required to recall the words according to the temporal

sequence of presentation, eight subjects were required to recall them according

to their spatial location within the vertical array during presentation, and the

remaining eight subjects were required to choose the twenty words that had been

presented from an alphabetically organized list of the critical words intermixed

with distractor words. After recall another trial was started with the words

being presented in the exact same order and location. This process continued

until a criterion of correc* recall on three successive trials was met.

Subjects returned after a one-week delay and were asked to recall the

twenty words as they had during the first session. The subjects were not told

during the first session that they would be required to recall the words in the

second session. After an initial recall attempt, the presentation/recall trials

were resumed as in the first session, and this process continued until a

criterion of correct recall on three successive trials was mt.

Our analyses revealed fastest acquisition of item information, followed by

temporal, and then spatial information. The results also indicated that for the

week-long delay, recall of item information was better than that for temporal

information, which in turn was better than that for spatial information (sm

Table 5).

Natural Skills

N •adn ,unm nnsm nna nnmnnunn~llm u u |H mu UNnIR ~lU m ms
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A second goal of this project, a goal that complements our work with the

five laboratory skills, was to identify four natural skills or skill components

that we can expect the college population to have learned at some specifiable

time during their prior education. We further sought to develop techniques to

assess the characteristics of what remains in permastore. We have identified

and begun to investigate the following four natural skills: (a) mental

multiplication, (b) algebra, (c) data entry, and (d) temporal, spatial, and item

components of memory for class schedules.

Mental multiplication. For the skills involved in mental multiplication,

we have developed a two-part methodology. The first part will involve a

questionnaire, similar to that used by Bahrick (1979, 1984) to assess when, how,

and to what extent a student was originally trained in the skill of mental

multiplication. The questionnaire will also assess the type and amount of

maintenance that the skill received after the original training and the

variability of the context in which the skill was maintained. The second part

will involve a laboratory assessment of the students' speed and accuracy at

performing simple multiplication problems. Following Bahrick, we will attempt

to predict performance on the laboratory task from various indices of skill

acquisition and maintenance as derived from the questionnaire. Further,

following the approach we have adopted for the laboratory tasks, we will attempt

to determine whether automatism is related to skill performance and long-term

retention. More specifically, we will systematically vary mulitiplication

problem difficulty and use as an index of automatism the size of the functions

denoting the relationship between accuracy or speed of solution and problem

difficulty.

In preliminary work we tested two groups of nine subjects who were shm

three repetitions of the complete set of single digit multiplication problem,

one problem at a time on a computer terminal. The subjects in one group

responded by typing the answer on the keypad, as in the data entry task. The
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subjects in the second group responded orally, and their reaction time was

measured by means of a voice key attached to the computer. These initial data

allow us to assess differences in problem difficulty and to examine improvemnts

in speed and accuracy as a function of practice. See Figures 11 (keypad group)

and 12 (voice key group) for the overall mean log reaction times and error rates

(top panel) and the mean log reaction times as a funtion of practice block

(bottom panel).

Algebra. For the algebra skills, we also developed a questionnaire to

assess students' previous history of algebra use and knowledge. Further, we

developed a 60-item algebra proficiency test and gave this test to 30

introductory psychology students. on the basis of the results from this pilot

test and advice from an algebra professor (Dr. Robert Ellingwood), we

constructed two versions of a modified test and administered them to a class of

86 students who were completing a course in first-year college algebra. All of

these students have agreed to be recontacted for testing at a future date in

order to determine the extent of their long-term retention of these skills. We

will retest these subjects at intervals of three months and one year after the

competion of their first-year algebra course. We have completed an initial

factor analysis of the 60-item test based on the scores of the 86 students. We

will use this analysis to help guide our interpretation of the data we collect

later concerning long-term retention.

Data entry. For the data entry skills, we will be employing the laboratory

methodology we developed for the use of the keypad on the computer console. We

have already identified one individual who has made extensive use of the keypad

for data entry in her semester-long job of entering students' social security

numbers into the computer. Immediately after the conclusion of her job and

again six months later, we tested her proficiency at our related task, and we

intend to test her at various further delays. our initial findings indicate no

loss in speed and a significant decrease in error rate over the six-month
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retention interval. Thus, these preliminary findings for the data entry skill

learned under natural conditions agree with our findings for the same skill

learned in the laboratory; in both cases, retention was essentially perfect.

We also hope to find a group of students who have similar job experiences

with keypad data entry, perhaps as cashiers. We intend to investigate the

effects of changing context and changing task as well as retention interval on

the speed and accuracy of data entry.

Temporal, spatial, and item components of memory for class schedules. For

the temporal, spatial, and item components of memory for class schedules, we

have begun to develop a methodology to assess differences in these three

components of memory in a more natural environment than we are using in the

laboratory to study the same memory components. More specifically, we propose

to question students about their current and previous classroom schedules to

determine how much they remember about the course number, room nmber, and

instructor's name (item information), hour, duration, and day of course

(temporal information), and building, floor, and room location (spatial

information).

We devised a questionnaire and began preliminary testing with 7 subjects.

These preliminary data have allowed us to refine our questionnaire for use in a

larger study. our goal for the larger study is to test three groups of

students. In the initial phase of the experiment, each group will be tested

about either their imediately preceding semester, their second-to-last

semester, or their third-to-last semester. In the second phase, students will

be called back for retesting. This procedure will allow us to assess retention

using both cross sectional and longitudinal methods.

The Structural A proach

The structural approach uses methods such as verbal reports (griceon

Simon, 1904) along with other types of assessment to provide a detailed

description of knowledge and skill at the time of learning. Aginst such a
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detailed description, specific losses or decrements can then be specified by a

similar detailed analysis at retest. The relevance of this approach to decay of

skill and knowledge is clear: If certain components decay differently than

other components a more detailed structural description should allow one to

chart the different components and how they decay. The structural approach was

developed to analyze one or a few individuals at a time, but we proposed

extending it so that larger nutmers of subjects could be studied.

Our attempt to extend this methodology during the first year of our project

has focused on vocabulary learning and more specifically on a omemonic method of

vocabulary learning known as the keyword method. Before discussing the keyword

method itself, we should mention why vocabulary learning was selected. First,

Bahrick's work on long-term retention and the concept of permastore has dealt

with the retentiop of vocabulary (Bahrick, 1984; Bahrick & Phelps, 1987).

Second, in a number of real-world contexts (e.g., the military, the medical

profession, and in almost any type of training situation), individuals must

learn new vocabulary or terminology. Though different methods of vocabulary

learning have been studied, what is really needed is a more general approach to

studying vocabulary learning and retention which allows one to look at any

method of vocabulary learning and determine which components or aspects of the

method are either poorly or well retained.

The keyword method seemed an ideal vocabulary method to study for a number

of reasons. First, it has been demonstrated to be extremely effective in

learning not only new foreign vocabulary (e.g., Atkinson & lough, 1975) but also

in learning new bVglish vocabulary (Sweeney & sellezza, 1962) as well as in

learning technical term and their definitions (e.g., Jones & Hall, 1962).

Secondly, it e that the method might lend itself quite well to a

gc1 a-ntial analysis and the use of verbal reports to trae the sequence of

processing the various comonents. In the keyword method, individuals learn

vocabulary items in a two-step process. In the first step, an bilish word,

.A -- -
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similar in sound to the foreign word (the 'keyword'), is learned by noting its

similarity to the foreign word. In the next step, an interactive image is

formed using the keyword and the English equivalent of the foreign word. For

example, to learn the Spanish word 'codo,' which means 'elbi,' a subject first

learns the keyword 'code' so that later when 'codo' is seen the word 'code'

should come easily to mind. The subject then forms an interactive image between

'code' and 'elbow': for example, an image of a secret code written on someone's

elbow.

In all of the experiments conducted so far, we have tested subjects

individually, using 30 to 60 Spanish words, gathering acquisition data as well

as immediate and delayed retention data. Our general methodology for the

experiments has been as follows. Subjects initially learn a set of 30

vocabulary items using the keyword method with the help of a computer

presentation program which presents the Spanish word, its associated keyword,

and the English equivalent. During this acquistion phase subjects are asked to

think aloud as they learn the items, providing a record of the encoding process

that can later be compared to the verbal reports gathered at test. In the next

phase, a dropout phase, subjects are tested to one correct trial on all of the

vocabulary items using a cued recall task in which they see the Spanish word and

must say the English word. Response times are recorded using a voice key

system. Feedback is provided on missed items by reshowing the Spanish word,

keyword, and English word. No verbal reports are taken during this phase.

Following the first two phases, subjects are then tested on the vocabulary

itm, again using a cued recall task. However, during the test phase, no

feedack is provided. Subjects are asked to respond by sayirg the correct word

into a microphone and after each trial they are asked to give a retrospective

verbal report. During the test phase, three types of retrieval tasks are used

to test the various cosponents of the retrieval process that we would expect to

be associated with using the keyword nesmonic. Naturally, we test vhether
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subjects can recall the English word in response the Spanish word, but we also

test the two components that presumably mediate the retrieval of the English

word: recall of the keyword with the Spanish word as a cue and recall of the

English word with the keyword as a cue. For each of the three retrieval tasks,

we collect recall data, reaction times, as well as the verbal reports of what

subjects thought about as they tried to remember a word. There are two blocks

of test trials for all the different retrieval items during both immediate and

delayed testing.

In Figures 13 and 14 are recall data for two groups of subjects, the first

group tested immediately and after one week, the second group tested immediately

and after one month. The results are quite striking. After a week, according

to the recall data, subjects showed little forgetting of either the Spanish to

English word or the two component stepL. However, for the one-month retention

group, recall dropped considerably for the Spanish to English word task and the

keyword to English word component. Recall for the keyword given the Spanish

word, though, remained quite high. The implication is that the keyword

component is retained quite well, while the image component has decayed after a

month. This picture is sharpened if we consider the reaction time data as well.

In Figures 15 and 16, we have averaged the reaction times across the three

different probe types for the one week and one month retention groups. The

reaction times clearly show decay at one week and at one month, though the decay

at one month is obviously such greater. The important point is that the

reaction time data provide a much more sensitive measure of the decay function:

With the reaction time measures, it is clear that there is some decay on the

first test block after even a week. If we then consider the times for thw three

different retrieval tasks an even more interesting picture eierges (see Figures

17 and 18). The imege retrieval task and the full retrieval task show

considerable decay after even a week but the keyword retrieval task shown little

if any decay. After a month, though, the keyword task shows am decay, but the

-J&
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decay for the other two tasks is even greater still. The crucial implication of

these results is that it is important to consider more than a single source of

data in assessing retention functions.

Along with the reaction time and recall data, we have the protocol data for

which we have developed an encoding scheme. The encoding consists of a set of

five variables corresponding to the following five components of the retrieval

process: retrieval of the Spanish word, retrieval of any mediator associated

with the Spanish word and the keyword; retrieval of the keyword (itself a

mediator); retrieval of the mediator between the keyword and the English word

(either an image or some other type of semantic relation); and retrieval of the

English word. For each protocol, we can encode whether or not each of the

component steps was present as well as other information to capture the sequence

or duration of steps for that retrieval task. Thus, for example, on the image

retrieval task, in which the keyword is provided and the subject retrieves the

English word, the subject might report looking at the keyword, remembering his

or her interactive image, and then retrieving the English word. We have just

completed the encodings for one of our subjects from the one-week retention

experiment and will soon enter his data into our analysis of his results.

The protocol data should enable us to model even more precisely the

retrieval process. With the protocol data and the reaction time data we can

fill in the picture provided by the recall data. A subject forgets one of the

English words. So far, the reaction time data suggest that the most likely

reason he or she forgets will be due to the image (or semantic relationship)

encoded between the keyword and English word. The protocols seem to support

this account: Subjects report a fair amount of interference between their

images, so that an aspect of one image interferes with another image. The

protocols should provide the most detailed account of the retrieval process and

combined with the other two types of data should provide a comprehensive account

of not only which components decay but how they decay.

... . . ..... Nk . .. . . ..
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The practical implications of our results to date are that when using the

keyword method it might be advantageous to spend more effort developing ways to

improve the second component of the mnemonic. In our present experiments, our

keywords were generally quite close to the Spanish words, usually formed from a

stem of the Spanish word (e.g., 'door' for 'doronico'). Using less similar

looking or sounding keywords might alter the picture somewhat.

In addition to our work with the keyword method and vocabulary learning,

during the first year, we have completed a rather careful analysis of

cardiopulmonary resuscitation. Our analysis suggests that as with the

vocabulary task, there may be certain components of this task that decay more

easily, and we plan eventually to test how the different components decay and

how differences in knowledge may mediate this retention. Again, we plan to use

verbal reports to provide a detailed account of the process.

We have also completed some retesting of one of our waiters from our study

of a year ago concerning waiters' expert memory for restaurant orders, and we

plan to retest him again. The results suggest little decay of his skill after a

year.
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Table 1

Illustration of Sample Problem

Calculator

Task Subject Sees Available Subject Responds

Read 6 x 8 -
48  No "6 x 8 -

48 "

Generate 6 x 8 - ? No "6 x 8 -
48 "

Calculate 6 x 8 - ? Yes "6 x 8 -
48 "

Verify 6 x 8 - 48 No "6 x 8 - 48, correct"

-06n -
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T1le 2

Prqortion of Answers Correctly Recalled in Experiment 1 as a Function of Locus

of Cogntive Operations (Internal or External) and Locus of Stimulus Production

(Internal or External)

Cognitive Operations

Stimulus Production Internal External

Verify Read

Excernal .68 .38

Generate Calculate

Internal .68 .42
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Table 3

Proportion of Answers Correctl Recalled in Experiment 2 as a Function of Locus

of Cognitive Operations (Internal or External), Locus of Stiualus Production

(Internal or External), and Retention Interval Condition (Immediate, Two-day,

Seven-day)

Stimulus Production Cognitive Operations

and Retention Interval Internal External

External Verify Read

Immediate .59 .42

Two-day .40 .24

Seven-day .24 .10

Mean .41 .25

Internal Generate Calculate

Immediate .55 .34

Two-day .49 .16

Seven-day .40 .14

Mean .48 .21
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Table 4

Proportion of Answers Correctly Recognized in Experimnt 2 as a Function of

Locus of Cognitive Operations (Internal or External), Locus of Stimulus

Production (Internal or External), and Retention Interval Condition (Immediate,

T :-ay, Seven-day)

Stimulus Production Cognitive Operations

and Retention Interval Internal External

External Verify Read

Immediate .82 .81

Two-day .76 .61

Seven-day .72 .52

Mean .77 .65

Internal Generate Calculate

Immediate .81 .65

Two-day .75 .66

Seven-day .69 .64

Mean .75 .65
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Table 5

Mean R er of Trials to Criterion for Each Memo Condition anand

(After a One-Week Delay)

Memory Condition

Spatial Temporal Item

1 12.88 8.00 5.88

2 5.12 4.50 3.50
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Final Retention
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Mean Number of Errors for Logic Rules
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VOICE KEY GROUP
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Percent reaulled as a funcion of delay and probe type
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Mean reaction tine for different recal tasks for different test occasions
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